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APPENDI X B: RESI N MODI FI ED PAVEMENT (RWP) M X DESI GN METHCOD

B-1. Open-G aded Asphalt Concrete.

a. Prelimnary.

(1) Gather representative sanples of aggregates and
asphalt cenent. Sanple aggregates according to Anerican Society
for Testing and Materials (ASTM D 75 and asphalt cenent )
according to ASTM D 140. open-graded asphalt concrete m x
design requires a mnimum of 45 kg of each aggregate stockpile
and 15 L of asphalt cenent.

) (2) Oven dr aggre ate stockpile sanpl es and conducts a
sieve analysis (ASTM C 13 % on each sanPIe. Det erm ne the
conbi nati on of aggregate stockpiles that results in a gradation
cl osest to the center of the limting gradation band specified in
CEGS- 02548. This stockpile conmbination will becone the bl endi ng

formula for the open-graded asphalt concrete.

(3) Ensure that the aggregates representing the sel ected
stockpil es and the asphalt cenent neet the quality requirenents
as detailed in CEGS-02548. Measure apparent specific gravity of
aggregates (ASTM C 127 and C 128) from each stockpile used in the
frnal gradation. Calcul ate apparent specific gravity of conbined

aggrepates using the blending Tornul a ?ercentages. asure
specific gravity of asphalt cenent (ASTM D 70).

(4) Estimate the optimum asphalt content using the
foll om ng equati on:

Opti mum asphalt content = 3.25(")E%?2
wher e
" = 2.65/SG
SG = apparent specific gravity of the conbi ned aggregates

E = conventional specific surface area
= 0.21G + 5.45 + 7.2 s + 135f

G = percentage of material retained on 4.75-mm sieve

S = percentage of material passing 4.75-nm sieve and
retai ned on 600-pum si eve
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s = percentage of material passing 600-pum sieve and
retai ned on 75-um sSi eve

f = percentage of material passing 75-um sieve

(5) Round the calcul ated oEélnun]asphalt content value to
the nearest tenth of a percent. e this asphalt content val ue
along with two asphalt contents above this anmount and two asphalt
contents below this anmobunt in the production of mx de5|8n
sanples. Use 0.5 percent above and bel ow the opti numand 1.0

per cent above and bel ow the optinmum as the four additional
asphalt contents. Calculate maxi numtheoretical specific
gravities for each of these five asphalt cenent contents.

b. Specinmen production.

Usi

ing the five mx design asphalt contents, produce three
100- M di a

te

y

} meter Marshal |l specinens at each asphalt content. Use
approxi mately 800 grans of conbi ned aggrePates follow ng the
previously determ ned aggregate blending fornmula for each
speci nen.” Just before mxing, the tenperature of the éﬁggegates
should be 145 + 5 °C and the asphalt cenent should be + 5
°C.  Wth normal m xing procedures, the tenperature of the
asphalt m xture during conpaction is 120 + 5 °C. Conpact the
open-graded asphalt concrete specinens with 25 blows froma
4.5-kg Marshall hand hanmer on one side of each specinen. Allow
the specinmens to air cool for a mnimmof 4 hours before
carefully renoving from nol ds.

c. Measuring voids total mx (VIM.

(1) Measure the VIM of each open-graded speci nen using the
foll ow ng fornmula:

VIM = (1 - WI,;,/Volune * 1/SG;) * 100
wher e
W, = dry weight of specinen
Vol ume = B/ 4 DPH
D = di aneter H = hei ght
SG; = maxi mum t heoretical specific gravity

(2) Calculate the average VIMfor each of the five asphalt
cenment contents. Select the optinmum asphalt content as that
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which resulted in a VIMval ue closest to 30.0 percent. |If no VIM
averages are in the 30.0 percent range, then slight adjustnents
to the aggregate gradation my need to be made to achieve the
proper volid content. Cﬂtlnun1as halt contents resulting in
average VIMvalues in the 25 to 35 percent range are_ acceptable,
but due to normal production and construction variations, a mX
design that provides a 30-percent VIMvalue is nost desirable.
(Typlc?l)optlnun1asphalt contents are between 3.5 and 4.5

percent .

d. Job-mx fornul a

~ (1) The open-graded asphalt concrete job-mx formula wll
consist of the follow ng information:

(a) Percentage of each aggregate stockpile.

(b) Percentage passing each sieve size for the bl ended
aggr egat e.

(c) Percentage of bitunen.

(d) Tenperature of discharged asphalt m xture.

(e) Voids total m x percentage.
) ~ (2) The target tenperature of the asphalt m xture when it
i s discharged fromthe m xing plant should be 125 + 5°C. Sel ect
120°C when anbi ent tenperatures are relatively high and the hau
di stance fromthe asphalt plant to the job site is short. Select
125°C when either the haul distance is relatively Ion% or the
anbi ent tenperatures are relatlveIY cool. Select 130°C when
anbi ent tenperatures are expected to be cool and the haul
distance is relatively long. Persistent high wi nds during

construction may also require m x production tenperatures to be
in the 125°C t o "130°C range.

B-2. Resin Mdified Portland Cenment G out.
a. Prelimnary.
(1) cGather representative sanples of portland cenent,
silica sand, Cass F fly ash, and resin additive. M ninmum sanple
sizes are 23 kg each of cenent, sand, and fly ash, and 4 L of

resin additive. Ensure that all materials neet the quality
requi renents as detailed in CEGS-02548.
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&2) Usi ng the grout material prop o] speci
CEGS- 02548 and shown bel ow, deyeIoP a m niti
formulas for | aboratory viscosity testin T goa
m x design is to produce a material formulation which result
a Marsh Fl ow Cone viscosity of 8.0 to 10.0 seconds. The in
formul ati ons shoul d ensure”that a grout fornulation can be
produced with a Marsh viscosity no greater than the 10.0 seconds
maxi mum This is acconplished bx testing grout fornulations with
relatively high wc ratios and the maxi mum al | owabl e anount of
resin additive. Typical initial grout fornmulations tested in a
m x desi gn eval uation are shown bel ow.

ns
of
he

Bat ch Percentage by Wi ght

. CEGS- 02548 . . .

Mat eri al Limts Trial 1 Trial 2 Trial 3
Portl and Cenent 34-40 37.0 36.0 35.0
Silica Sand 16- 20 18.0 17.8 17.7
Fly Ash 16- 20 18.0 17.9 17.8
Wat er o 22-26 24.0 25.0 26.0
Resin Additive 2.5-3.5 3.0 3.3 3.5

- (3) Although the grout's w c ratio is unspecified, the
desirable wc range is 0.65 to 0.75. Lower w c values are nore
desirable to reduce the risk of shrinkage cracking and for higher
grout strengths. ngger w . c ratios are sonetines necessary to
produce grouts with rsh Fl ow viscosities |ess than the =
10. 0- second maxi mum val ue. Therefore, the focus of the initial
grout viscosity tests is to determne the mninumWC ratio that
wi | 8roduF$ a grout viscosity less than or equal to 10.0
seconds. isi

nportant to remenber that the resin additive
serves as a plasticizer which reduces grout viscosity while
reduci ng the anount of water required.

4 The standard | aboratory grout batch size should be in
the 4,000- to 5,000-g range. Calculate the material batch
wei ghts based on the desired proBort!ons. Mul tiple grout
viscosity tests are facilitated K first blending the dry
|n8red|ents (cenment, sand, fly ash) for each test sanple and then
addi ng the appropriate anount of water and resin additive during
the mxing process. These dry- ingredient batches should be kept
in air-tight containers to prevent | oss of material or
contam nation before mxing. Two replicate sanples per blend are
appropriate for grout viscosity testing.
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M Xxi ng.

) The equi pnent needed to effectively mx the resin
mﬁavenﬁnt grout includes a | aboratory m xer equi pped with
ip mxing attachnment and approxi mately 10-L-capacity
ow, a calirbrated set of weight scales, and various shal

rs to weigh and transfer m x water and resin additive.

n
(2) Place dry ingredients into m xing bow and adjust the
bow height so that"the wire whip is just off of or touching the
bottom and sides of the bow. Begin mxing the dry ingredients
at a slow speed and i medi ately add the appropriate anmbunt of
water. Once all of the water is added, speed up the mxer to a
poi nt where the grout is being thrown onto the sides of the

m xing bowl. MXx the ?rout at this high speed for 5 m nutes,
then add the appropriate anount of resin additive. MXx the grout
again at a hi m Xi ng speed for an additional 3 m nutes before
testing for rsh Fl ow viscosity.

c. Viscosity testing.

) (1) The equi pnent needed to neasure grout viscosity

i ncludes a Marsh Fl ow Cone (Figure 1), a 1,000 niL gl ass or clear
pl astic graduated cylinder beaker, a 1,500 nL (a prOX|nater%
enpty beaker or bucket, and a stopwatch. Have this equi pnent set
up neartthe m xi ng bowl before the end of the 8-m nute grout

m xi ng tine.

EZ) _InnedlateIY after n1X|ng the grout, transfer the grout
fromthe mxing bow to the enpty beaker or bucket. Take note of
any lunps of material or excess sand in the bottom of the m Xing
bow . n}(:)Excess | umps i ndicate i nadequate m xi ng and render the
Erout usel ess for viscosity testing.) Imediately fill the Mrsh

| ow Cone with about 1,100 mL of grout. (A consistent head of
grout in the flow cone is achieved for all viscosity tests by
marking an 1,100 nL fill line inside the rom1cone.¥ The fl ow
cone outlet 1s plugged b S|an¥ pIaC|nP one's finger over the
outl et opening. |Immediately after the flowcone is filled to te
1,100 mL fill line, position the cone over the 1,000 nL graduated
beaker. Release the grout opening and start the stopwatch ti ner
si mul t aneously. Measure the time of flow for 1 L of grout from
the flow cone to the nearest tenth of a second.
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155 mm (6.2 In.) Ingside Diameter

Approximate Flll Line
for 1,100 mL

315 mm (12.6 In.)

60 mm (2.4 In.)

l

\10 mm (0.4 In.) Inside Diameter

Figure 1. Cross-section of Marsh Flow Cone

(3) Record each test sample's viscosity, averaging the two
replicates for each blend. Adjust the grout mix proportions as
needed with the following considerations:

(a) Any grout viscosity between 8.0 and 10.0 seconds is
acceptable. It should be noted, however, that when field
construction temperatures are expected to be comparatively high
(greater than 32°C) and/or the open-graded asphalt concrete voids
are expected to be considerably low (less than 30 percent), then
lower viscosity grouts will help to ensure easy grout application
and full grout penetratlon. In most cases, these variables are
unknown; therefore, it is prudent to select the grout formulation
which has the lowest viscosity.
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(b) It is best to deveIoP a grout LOb-”1X formu
water and resin additive contents bel ow the nmaxi num al
limts to allow for small additions of these ingredie
field if necessary to neet viscosity requirenents.

(c) Lower wc ratios are nore desirable for a nunber of
reasons: they tend to produce %rputs of higher strengths; they
reduce the chances for drying s rlnkage cracki ng; they produce
grouts which are nore consistent and better able to keep the sand
I'n suspension during mxing and pl acenent.

~ (d) When the sand is noted to settle out of solution
during or imedi ately after n]X|n%, it can be expected that
simlar problens would occur in the field during construction.
Thi s problem can be renedi ed by reduci ng the anmount of sand and
i ncreasing the anount of fly ash (both wthin the specified
tol erances) to produce a slightly cream er grout.

- (e) Wen it becones inpossible to neet the yISCOSItY_ ]
requirenents within the specified limts for material quantities,
there usually is a problemwi th a particular ingredient. Sone of
t hese deficiencies are detectable, while others are not. These
mat eri al deficiencies may include one or nore of the fpllomﬁnP:
grout sand which is too coarse, portland cenment which is highly
reactive during the early stages of the hydration process, fly
ash with excess cenmentitious nature. Wuen it is POSSIb|e to
isolate the problemmaterial in these instances, the only
recourse is to substitute another material from another source
whose physical or chemcal difference will likely solve the

probl em

- d. Job-mx formula. The ?rout job-mx formula wll
consi st of the follow ng information:

1% Percentage (by weight) of each m xture ingredient
rounded to the nearest tenth of a percent.

(2) Type and source of portland cenent.
(3) Source of fly ash, silica sand, and resin additive.
(4) WMarsh Flow Cone viscosity of job-m x-fornmula grout.



